Introduction
============

Retinal vein occlusion (RVO), the second most common retinal vascular disease after diabetic retinopathy, is one of the common causes of visual morbidity and blindness in the elderly population.[@b1-opth-11-441]--[@b3-opth-11-441] RVO is classified into central retinal vein occlusion (CRVO) and branch retinal vein occlusion (BRVO) based on the site of vascular occlusion. CRVO is occlusion of the central retinal vein in the optic nerve at a variable distance posterior to the lamina cribrosa.[@b4-opth-11-441] BRVO, however, typically occurs at arteriovenous crossings of the branch retinal vein. The visual morbidity depends primarily on the type and location of the occlusion.

Although RVO is commonly seen in the elderly, with most cases occurring in patients \>65 years,[@b5-opth-11-441] it can also occur in younger patients.[@b6-opth-11-441] While most elderly RVO patients have a history of atherosclerotic disease, hypertension, diabetes mellitus, or open angle glaucoma,[@b7-opth-11-441]--[@b10-opth-11-441] the pathogenesis and risk factors for the disease in young patients are still unclear. Previous studies of these young patients revealed an association with thrombophilia,[@b11-opth-11-441]--[@b13-opth-11-441] connective tissue diseases,[@b14-opth-11-441] antiphospholipid antibody syndrome,[@b15-opth-11-441]--[@b16-opth-11-441] hyperhomocysteinemia,[@b11-opth-11-441],[@b17-opth-11-441] and hyperviscosity syndrome.[@b18-opth-11-441] Most of these studies, however, were case reports or small case studies, and there have been few reports on a large series of these patients. In this report, a large series of young RVO patients at a large referral eye center in Thailand was reviewed. The objective was to study the association of systemic abnormalities with RVO in these patients, particularly atherosclerotic diseases and thrombophilic disorders.

Subjects and methods
====================

This study was approved by the Khon Kaen University Ethics Committee for Human Research (HE541385). Patient consents to review their medical records were not required by the ethics committee, as the case report forms had no link to the patient identities and the researcher respected the privacy of the patients. Medical charts of patients diagnosed with RVO during the period 1995--2015 were retrospectively reviewed. Only RVO patients aged ≤50 years were included in the study. The majority of older RVO patients, were excluded. Demographic data included age, gender, disease duration, history of smoking, history of using/taking oral contraceptive pills in female patients, associated systemic diseases, fundus appearance, types of RVO, site of occlusion, and laboratory investigation. The primary outcome was the number of systemic diseases associated with these RVO patients. Secondary outcomes included types of RVO and sites of occlusion. The attending internists, cardiologists, endocrinologists, hematologists, and rheumatologists confirmed the definite diagnoses of the associated systemic abnormalities. The collected data were recorded and analyzed using SPSS for Windows version 20.0 (IBM SPSS, Chicago, IL, USA). Continuous data were reported as mean with standard deviation, and comparisons between data of each group were analyzed using two sample *t*-tests. Categorical data were compared via chi square and Fisher's exact tests. The statistical significance was defined at a *P*-value \<0.05.

Results
=======

A total of 98 patients (106 eyes) were recruited into the study. Seventy patients were diagnosed with CRVO and 30 patients were diagnosed with BRVO. Five patients had bilateral CRVO, one patient had bilateral BRVO, and two patients developed CRVO in one eye and BRVO in the other eye. This resulted in 75 CRVO eyes and 31 BRVO eyes for investigation. The types of the occlusions are shown in [Table 1](#t1-opth-11-441){ref-type="table"}. It was noted that BRVO increased with increasing age. In the patients aged ≤40 years, CRVO was much more common than BRVO, whereas they were approximately the same in the 41--50 years age group.

The demographic data of these patients are shown in [Table 2](#t2-opth-11-441){ref-type="table"}. The mean age of the patients was 36.5±8.7 years in the CRVO group and 43±8.2 years in the BRVO group. There was a significant difference in the mean ages between CRVO and BRVO groups (*P*\<0.001). In the gender data, CRVO was found in women more than men, whereas BRVO was noted in men more than women. These differences were not statistically significant (*P*=0.315). RVO affected right eyes slightly more than left eyes. Both eyes were involved in 7.14% in the CRVO group and 3.33% in the BRVO group. Duration of onset prior to consulting ophthalmologists was about 50 days in CRVO and 60 days in BRVO groups (*P*=0.505). There were two smokers, and 13 non-smokers in CRVO group; and one smoker, and three non-smokers in BRVO group. Most patients had missing data on smoking history.

When comparing initial visual acuities on presentation, most CRVO patients had poorer vision than BRVO patients, but there was no statistically significant difference (*P*=0.054).

Fundus findings were similar to RVO in the elderly. There were diffuse retinal vein tortuosity and retinal hemorrhage in CRVO and localized lesions in BRVO patients. Disc swelling was noted in two cases. In BRVO eyes, the common site of occlusion was the superotemporal branch in 12 eyes, the inferotemporal branch in nine eyes, the inferior branch in six eyes, superior branch in one eye, superonasal branch in one eye and the macular branch in one eye.

Systemic abnormalities associated with RVO in these patients are shown in [Table 3](#t3-opth-11-441){ref-type="table"}. The most common were atherosclerotic diseases (55.1%), including hypertension (27 cases), diabetes mellitus (16 cases), and dyslipidemia (5 cases). The next most commonly associated conditions were thrombophilic disorders (5.1%), including protein S deficiency (two cases), antiphospholipid syndrome (one case) and protein C deficiency (one case) in the CRVO group and antiphospholipid syndrome (one case) in the BRVO group. These five patients were not diagnosed as thrombophilia before and had no other diseases found in the laboratory investigations. It is also noted from [Table 3](#t3-opth-11-441){ref-type="table"} that 29.59% of the patients had no systemic abnormalities confirmed by negative laboratory results.

Other systemic diseases that were also noted included viral hepatitis, rheumatoid arthritis, systemic lupus erythematosus, and acquired immunodeficiency syndrome. In addition, four patients who were taking oral contraceptive pills developed RVO, and one of these patients also had hypertension and severe pre-eclampsia. Three patients in CRVO group had taken oral contraceptive pills for 5--6 years and one patient in BRVO group had pills for 10 years; the type and dosage of the pills were not recorded.

Ocular diseases associated in these patients were non-proliferative diabetic retinopathy, chloroquine maculopathy, and orbital cellulitis. The patient with orbital cellulitis had combined CRVO and central retinal artery occlusion (CRAO) in the same eye.

Subgroup analysis was further performed on both CRVO and BRVO patients. The patients were divided into three subgroups depending on the age on presentation (age ≤30, 31--40, and 41--50 years). It was noted that atherosclerotic diseases remained the major associated systemic diseases in both CRVO ([Table 4](#t4-opth-11-441){ref-type="table"}) and BRVO patients ([Table 5](#t5-opth-11-441){ref-type="table"}). Furthermore, it increased with advancing age. As in [Table 3](#t3-opth-11-441){ref-type="table"}, hypertension was still the most common systemic disease in both CRVO and BRVO groups. It was particularly interesting that thrombophilic disorders were found only in the patients whose ages were ≤40 years.

Discussion
==========

Although RVO is often associated with systemic atherosclerotic diseases such as hypertension, diabetes mellitus, and dyslipidemia,[@b7-opth-11-441]--[@b10-opth-11-441] the cause and effect has not been proven and the pathogenesis is still unclear. Hayreh demonstrated that the pathogenesis of CRVO was very different from that of BRVO.[@b4-opth-11-441] CRVO was usually caused by thrombosis in the central retinal vein and occlusion in the optic nerve at a variable distance posterior to the lamina cribrosa.[@b4-opth-11-441] Atherosclerosis of the central retinal artery causes abnormal perivascular changes and altered hematological factors in the adjacent central retinal vein, contributing to venous thrombosis and CRVO.[@b19-opth-11-441] Conversely, BRVO is typically caused by the compression of the branch retinal vein at the arteriovenous crossing by the branch retinal artery, which shares a common adventitial sheath.[@b4-opth-11-441],[@b19-opth-11-441]

A previous study revealed that RVO occurred between the ages of 14 and 92 years; however, 51% of all RVO patients had their first episode at ≥65 years.[@b5-opth-11-441]

In a multi-centered Pathological Determinants of Atherosclerosis in Youth (PDAY) research program, Wissler and Strong demonstrated that a large number of young adults had evidence of atherosclerosis, and the extent of atherosclerotic lesions increased steadily from 15--34 years.[@b20-opth-11-441] This is a reason why atherosclerotic disease is also a significant associated systemic disease in the current study, although the patients have a mean age of 36-years-old in the CRVO group and 43-years-old in the BRVO group. In addition, all five bilateral CRVOs occurred in the patients aged 28--35 years old, whereas one bilateral BRVO patient was aged 48-years-old.

It has already been known that BRVO was more common than CRVO in the elderly.[@b1-opth-11-441]--[@b3-opth-11-441] The Beaver Dam Eye Study reported the 15-year cumulative incidences of BRVO and CRVO were 1.8% and 0.5%.[@b2-opth-11-441] Conversely, this study found young CRVO much more common than BRVO. The reason for this discrepancy is still unknown. It may be attributed to the fact that sclerotic changes increase with age. Sclerotic changes in the small branch retinal arteries are less in the young than those in the elderly, therefore these changes result in less compression on the adjacent small branch veins at the arteriovenous crossing in BRVO. Therefore, BRVO was less common in the young but increased with increasing age. The subgroup analyses in [Tables 4](#t4-opth-11-441){ref-type="table"} and [5](#t5-opth-11-441){ref-type="table"} show this increasing trend and seem to validate this hypothesis.

This study also showed that young CRVO occurrence was also found in women more than men, and young BRVO was noted in men more than women. However, these differences were not statistically significant. Some previous studies on RVO in the elderly demonstrated more prevalence in women than men.[@b2-opth-11-441],[@b3-opth-11-441],[@b19-opth-11-441] Another study, however, reported more in men than women and indicated that being male was one of the risk factors in the development of RVO.[@b6-opth-11-441]

Previous studies proposed that thrombophilia and coagulation disorders played significant roles in the development of RVO in young patients.[@b11-opth-11-441]--[@b13-opth-11-441] The current study, however, demonstrated that these disorders are not so common in young RVO patients. Only two cases of protein S deficiency, one case of protein C deficiency and two cases of antiphospholipid syndrome were found. These findings agree well with the study of Ahluwalia et al.[@b21-opth-11-441] They concluded that thrombophilic risk factors were not commonly associated with RVO in young patients, and that investigations of other factors that contribute to the development of RVO in the young should be further studied.[@b21-opth-11-441]

Infectious diseases and connective tissue diseases were also systemic abnormalities associated with RVO in the current study. There was one patient with hepatitis B virus infection who developed BRVO and another patient with hepatitis C virus infection developed CRVO. These findings agreed well with previous studies, which demonstrated that viral hepatitis might promote the development of venous thromboembolism.[@b22-opth-11-441],[@b23-opth-11-441] The imbalance between procoagulant and anticoagulant factors associated with chronic liver disease might have clinical implications.[@b22-opth-11-441] Moreover, RVO described in chronic hepatitis C was usually attributed to the treatment with interferon.[@b24-opth-11-441] It seemed probable that a combination of active hepatitis C virus infection in a genetically susceptible individual receiving interferon accounted for the RVO.[@b25-opth-11-441]

Komolafe and Ashaye reported combined CRAO and CRVO complicating orbital cellulitis.[@b26-opth-11-441] In this study, there was also one patient with orbital cellulitis who developed this combined occlusion. This might be attributed to that the site of occlusion is at or close to the lamina cribrosa so that there is a complete block of CRV with a sudden increase in retinal venous pressure and consequently causes secondary CRAO due to hemodynamic block.[@b4-opth-11-441]

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that can affect any part of the human body including the eyes. CRVO is one of the common ocular complications. Antiphospholipid antibody is usually associated with large vessel occlusions in SLE patients.[@b15-opth-11-441],[@b27-opth-11-441] In this study there was one case of an SLE patient who presented with RVO but the antiphospholipid antibody was negative. There was another SLE patient, however, with positive antiphospholipid antibody who developed BRVO mentioned above in the thrombophilic group. Yen et al investigated the risk of developing RVO in patients with SLE.[@b28-opth-11-441] They reported the incidence of RVO was 3.46-times higher in the SLE group than in controls and concluded that SLE was significantly associated with an increased risk of developing RVO. Screening for antiphospholipid antibody was therefore necessary in SLE patients with lupus retinopathy, as prompt treatment with anticoagulants was important to prevent further blinding complications.[@b28-opth-11-441]

Matsuo et al investigated the incidence of ocular complications in patients with rheumatoid arthritis and found CRVO in 1.8% of their patients in their rheumatologic clinic.[@b29-opth-11-441] Moreover, Meyer et al reported 3 patients with rheumatoid arthritis who developed RVO after application of rofecoxib, a cyclooxygenase 2 inhibitor.[@b30-opth-11-441] Although the drugs are safe in the majority of patients, under certain conditions they may induce prothrombotic effects. A few patients with predisposed thrombosis may be at risk for cardiovascular and ocular thrombotic events. In the current study, there were two patients with rheumatoid arthritis who developed RVO. Neither of them had a history of using a cyclooxygenase 2 inhibitor.

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is the most common human enzyme deficiency, affecting people worldwide. It increases erythrocyte vulnerability to oxidative stress and may precipitate episodes of hemolysis when individuals are exposed to triggering agents. Hemolytic anemia may contribute to thrombosis as a result of increased erythrocyte aggregation and erythrocyte-endothelium interaction.[@b31-opth-11-441] Pinna et al demonstrated that G6PD deficiency was found in 4.7% of patients with RVO compared to 11.9% of control subjects and concluded that this enzyme deficiency was significantly associated with decreased risk of development of RVO.[@b32-opth-11-441] In this study there was one case of G6PD deficiency who developed BRVO.

In this study one patient presented with CRVO as the initial manifestation of AIDS. A previous study also reported CRVO as an initial sign in a patient with AIDS.[@b33-opth-11-441] In a clinicopathologic study,[@b34-opth-11-441] there was no evidence of HIV in vascular endothelial cells using electron microscopy and in situ hybridization techniques. This finding suggested that other factors were probably responsible for the development of vascular occlusion.[@b34-opth-11-441]

In the current study there were four patients on oral contraceptive pills who developed CRVO. One patient also had severe hypertension and pre-eclampsia, whereas the other three patients had no other systemic diseases. Previous studies proposed oral contraceptive pills as a risk factor for RVO[@b35-opth-11-441],[@b36-opth-11-441] and recommended periodic physical examinations for young women on oral contraceptive pills, even if no systemic diseases are detected.[@b35-opth-11-441] A survey in 2013 demonstrated that women currently using combined oral contraceptives had a twofold risk of venous thrombosis compared to non-users.[@b36-opth-11-441]

In conclusion, the most commonly associated systemic abnormalities in young RVO patients are still atherosclerotic diseases. Thrombophilic disorders are not so common. Infectious diseases, connective tissue diseases and acquired immunodeficiency syndrome may also be associated with RVO in young patients. Female patients on oral contraceptives also have a higher risk for development of RVO.

The strength of this study is that it is a large series of young RVO patients collected for over 20 years from a large tertiary-care eye center in Thailand, whereas the limitation is incompleteness and missing data due to the retrospective nature of the study; smoking history is an example as most patients had missing data on history of smoking. The complete thrombophilic workup is also a potential limitation of the study. It is not routinely performed in all patients. Only RVO patients who aged ≤40 years have completed the workups. Those RVO patients aged 41--50 years with no obvious atherosclerotic disorders were furthered investigated for thrombophilic disorders. Moreover, some patients with diagnosis of papillophlebitis may be excluded from the electronic database of RVO patients. This also makes the collected data incomplete. The results, however, can give some indications that these young RVO patients have clinical manifestations and associated systemic diseases not much different from RVO in the elderly. Atherosclerotic diseases remain a major problem in the same fashion as reported in the elderly. The association of RVO with systemic cardiovascular diseases emphasizes the need to investigate cardiovascular risk factors in these young patients. Evaluation must include a screening for hypertension, diabetes mellitus, and lipid abnormalities. Thrombophilia should also be considered where no obvious atherosclerotic diseases are found or if the patient is \<40-years-old, has a history of thrombosis or a family history of thrombosis.
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###### 

Types of retinal vein occlusion in young patients

  Type of RVO                              Age ≤30 years   Age 31--40 years   Age 41--50 years   Total
  ---------------------------------------- --------------- ------------------ ------------------ -----------------------------------------------------
  CRVO                                     17 (85)         24 (92.3)          29 (53.7)          70[\*](#tfn2-opth-11-441){ref-type="table-fn"} (70)
   Unilateral CRVO                         14              21                 26                 61
   Bilateral CRVO                          2               2                  1                  5
   Combined CRVO & CRAO in one eye         1               --                 1                  2
   CRVO in one eye & BRVO in another eye   --              1                  1                  2
  BRVO                                     3 (15)          2 (7.7)            25 (46.3)          30[\*](#tfn2-opth-11-441){ref-type="table-fn"} (30)
  Total                                    20 (100)        26 (100)           54 (100)           100 (100)

**Notes:** Results are shown in numbers of patients (%).

Includes two patients with CRVO in one eye and BRVO in the other eye.

**Abbreviations:** RVO, retinal vein occlusion; CRVO, central retinal vein occlusion; CRAO, central retinal artery occlusion; BRVO, branch retinal vein occlusion.

###### 

Demographic data of the patients in the study

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Demographic data                          CRVO                                             BRVO                                             *P*-value
  ----------------------------------------- ------------------------------------------------ ------------------------------------------------ -----------
  Number of patients                        70[\*](#tfn4-opth-11-441){ref-type="table-fn"}   30[\*](#tfn4-opth-11-441){ref-type="table-fn"}   

  Age in years, mean ± SD (range)           36.5±8.7\                                        43±8.2\                                          \<0.001
                                            (12--49)                                         (17--49)                                         

  Gender, n (%)                                                                                                                               0.315

   Males                                    32 (45.7%)                                       17 (56.7%)                                       

   Females                                  38 (54.3%)                                       13 (43.3%)                                       

  Onset in days, mean ± SD (range)          49.9±71.5\                                       60.5±75.2\                                       0.505
                                            (1--365)                                         (3--90)                                          

  Affected eyes, n (%)                                                                                                                        0.198

   Right eyes                               28 (40%)                                         18 (60%)                                         

   Left eyes                                37 (52.86%)                                      11 (36.67%)                                      

   Both eyes                                5 (7.14%)                                        1 (3.33%)                                        

  Initial VA in LogMAR, mean ± SD (range)   1.25±0.85\                                       0.91±0.66\                                       0.054
                                            (0--3)                                           (0.2--2)                                         

  Median follow up (months)                 4.5                                              4.5                                              
  -------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Includes two patients with CRVO in one eye and BRVO in the other eye.

**Abbreviations:** CRVO, central retinal vein occlusion; BRVO, branch retinal vein occlusion; VA, visual acuity; LogMAR, logarithm of the minimum angle of resolution; SD, standard deviation.

###### 

Systemic abnormalities associated with RVO in young patients

  Systemic abnormalities                CRVO (n=70[\*](#tfn7-opth-11-441){ref-type="table-fn"})   BRVO (n=30[\*](#tfn7-opth-11-441){ref-type="table-fn"})   Total (n=98)
  ------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------
  No systemic diseases                  25 (35.71)                                                4 (13.33)                                                 29 (29.59)
  Atherosclerotic diseases              32 (45.71)                                                22 (73.33)                                                54 (55.1)
   Hypertension                         18                                                        9                                                         27
   Diabetes mellitus                    8                                                         8                                                         16
   Hypertension and diabetes mellitus   4                                                         2                                                         6
   Dyslipidemia                         2                                                         3                                                         5
  Thrombophilic disorders               4 (5.71)                                                  1 (3.33)                                                  5 (5.1)
   Protein S deficiency                 2                                                         --                                                        2
   Protein C deficiency                 1                                                         --                                                        1
   Antiphospholipid syndrome            1                                                         1                                                         2
  Other diseases                        4 (5.71)                                                  3 (10)                                                    7 (7.14)
   Hepatitis B                          --                                                        1                                                         1
   Hepatitis C                          1                                                         --                                                        1
   Rheumatoid arthritis                 1                                                                                                                   1
   Systemic lupus erythrematosus        1                                                         1                                                         2
   G6PD deficiency                      --                                                        1                                                         1
   Acquired immune deficiency           1                                                         --                                                        1

**Notes:** The results are shown in numbers of patients (%).

Includes two patients with CRVO in one eye and BRVO in the other eye.

**Abbreviations:** CRVO, central retinal vein occlusion; BRVO, branch retinal vein occlusion; G6PD, glucose-6-phosphate dehydrogenase.

###### 

Subgroup analysis of systemic abnormalities associated with CRVO in young patients

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Systemic abnormalities                Age ≤30 years\   Age 31--40 years\   Age 41--50 years\   Total\
                                        (n=17)           (n=24)              (n=29)              (n=70[\*](#tfn10-opth-11-441){ref-type="table-fn"})
  ------------------------------------- ---------------- ------------------- ------------------- -----------------------------------------------------
  Atherosclerotic diseases              3 (17.65)        10 (41.67)          19 (65.52)          32 (45.71)

   Hypertension                         3                6                   9                   18

   Diabetes mellitus                    --               3                   5                   8

   Hypertension and diabetes mellitus   --               1                   3                   4

   Dyslipidemia                         --               --                  2                   2

  Thrombophilic disorders               2 (11.76)        2 (8.33)            --                  4 (5.71)

   Protein S deficiency                 1                1                   --                  2

   Protein C deficiency                 --               1                   --                  1

   Antiphospholipid syndrome            1                --                  --                  1

  Other diseases                        1 (5.88)         2 (8.33)            1 (3.45)            4 (5.71)

   Hepatitis C                          --               1                   --                  1

   Rheumatoid arthritis                 --               --                  1                   1

   Systemic lupus erythrematosus        1                --                  --                  1

   Acquired immune deficiency           --               1                   --                  1
  ----------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** The results are shown in numbers of patients (%).

Includes two patients with CRVO in one eye and BRVO in the other eye.

**Abbreviations:** CRVO, central retinal vein occlusion; BRVO, branch retinal vein occlusion.

###### 

Subgroup analysis of systemic abnormalities associated with BRVO in young patients

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  Systemic abnormalities                Age ≤30 years\   Age 31--40 years\   Age 41--50 years\   Total\
                                        (n=3)            (n=2)               (n=25)              (n=30[\*](#tfn13-opth-11-441){ref-type="table-fn"})
  ------------------------------------- ---------------- ------------------- ------------------- -----------------------------------------------------
  Atherosclerotic diseases              1 (33.33)        --                  21 (84)             22 (73.33)

   Hypertension                         1                --                  8                   9

   Diabetes mellitus                    --               --                  8                   8

   Hypertension and diabetes mellitus   --               --                  2                   2

   Dyslipidemia                         --               --                  3                   3

  Thrombophilic disorders               1 (33.33)        --                  --                  1 (3.33)

   Protein S deficiency                 --               --                  --                  --

   Protein C deficiency                 --               --                  --                  --

   Antiphospholipid syndrome            1                --                  --                  1

  Other diseases                        --               2 (8.33)            --                  2 (6.67)

   Hepatitis B                          --               1                   --                  1

   G6PD deficiency                      --               1                   --                  1
  ----------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** The results are shown in numbers of patients (%).

Includes two patients with CRVO in one eye and BRVO in the other eye.

**Abbreviations:** CRVO, central retinal vein occlusion; BRVO, branch retinal vein occlusion; G6PD, glucose-6-phosphate dehydrogenase.
